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INTRODUCTION
The Explosive Destruction System ([EDS] shown in Figure 1 ), developed by the U.S. Army Chemical Materials Activity, is utilized by the U.S. Army Edgewood Chemical Biological Center to destroy chemical warfare material in an environmentally safe manner and with no adverse affects to its operators. The system uses cutting charges to explosively access chemical munitions prior to their chemical neutralization. One of the challenges in EDS operations is the transport and insertion of munitions that have developed leaks. These leaking munitions pose hazards to workers and the environment. Therefore, establishing a method to handle the leaking munitions safely is extremely important. To combat this hazard, the construction of a universal munition storage container (UMSC) was proposed.
For this project, high-density polyethylene (HDPE) was chosen for the construction of the UMSC. Leaking and nonleaking mustard (HD) munitions were stored in the UMSC until destruction in the EDS. The UMSC containing the munitions was placed directly in the EDS and was destroyed along with the munition, thereby eliminating direct handling of the munitions, leaking or otherwise. This experiment evaluates the compatability of HD and HDPE and the ability to decontaminate the material after a simulated bench-scale EDS operation. 
OBJECTIVES

Task 1-HDPE Compatibility with HD
The primary purposes of Task 1 were to visually observe the compatibility of HD with HDPE and to measure weight changes over time in the HDPE after it was soaked in HD. An additional goal was to determine whether the amount of HD adsorbed onto and absorbed into the coupon increased with time.
For this task, 32 random HDPE coupons, cut from smooth and jagged exploded pieces of UMSCs and approximately 1-2 g in mass, were placed in 40 mL volatile organic analysis (VOA) vials and weighed. Each coupon was spiked with 2 mL of HD (Figure 2 ). The samples were placed in storage at ambient temperature for time periods ranging from 1 to 12 weeks.
Once weekly, 2 sample coupons were removed from storage for observation. Each sample was photographed, and any observational changes to the HD and HDPE were recorded. The coupon was then removed from the HD, towel-dried, and weighed. Each coupon was placed in a new VOA vial and rinsed with hexane. The hexane rinsate was diluted and analyzed for HD.
Task 2-Decontamination of HPDE and HD by EDS Simulated Treatment
Task 2 evaluated the ability to decontaminate the HDPE that had come into contact with HD for short and extended time periods.
Approximately 40 HDPE coupons, cut from smooth and jagged exploded pieces of UMSCs and approximately 1-2 g in mass, were placed in VOA vials and weighed. Twenty coupons were spiked with 2 mL of HD and put aside for 30 min on the same day that they were treated.
The remaining 20 coupons were spiked with 2 mL of HD and stored at ambient temperature for 35-56 days, with 5 coupons treated during each operational week of the study. Twenty milliliters of monoethanolamine (MEA) was added to each coupon at 60 o C for 1 h. The MEA was decanted, followed by the addition of 20 mL of water at 60-95 o C for 1 h. The water was then decanted. This process closely mimicked the destruction process used in the EDS.
The drained MEA and water rinse were extracted and analyzed separately to determine the residual concentration of HD in each matrix. A treatment goal of 50 ppm (50,000 µg/L) in MEA for the EDS neutralent was established.
Following the water drain, the coupon was vapor-washed with nitrogen for 15 min, placed in a 10 × 10 in. plastic bag, sealed, and allowed to off-gas for 1 h. A 10 L vapor sample was collected using thermal desorption tubes and analyzed for HD. The coupon was placed inside a clean VOA vial and rinsed with hexane. The hexane rinsate was analyzed to determine whether any residual HD could be recovered. Finally, the coupon was dried with laboratory towels and the final coupon weight was recorded.
EXPERIMENTAL PROCEDURES
Task 1-Compatibility of HD and HDPE
The following steps were used to determine the compatibility of HD and HDPE:
a. Two coupon vials were removed from storage and photographed ( Figure 3 ).
b.
Each coupon was observed for physical changes, and the coupon and HD.
Were photographed. All observations were recorded in a logbook.
c.
The HD was removed from the sample container using a pipette. The aspirated HD was placed directly into bleach decon.
d.
The coupons were dried with laboratory towels (to prevent seepage, aluminum foil was placed under the towels).
e.
The dried coupon was transferred to a tared 40 mL VOA vial, and the weight was recorded.
f.
The coupon was rinsed with 40 mL of hexane.
g.
The hexane was decanted into a clean 40 mL VOA vial and put aside.
h.
The coupon was dried with laboratory towels and transferred to a tared 40 mL VOA vial, and the weight was recorded.
i. 0.5 mL of the hexane rinse from step g was added to a clean 40 mL VOA vial. An additional 40 mL of hexane was added (this diluted the sample to the point that it could be accurately quantitated within the instrument calibration range).
j.
1.9 mL of the diluted rinse and 100 µL of internal standard were transferred into a clean 16 mm centrifuge tube. 
k.
Assessed coupons were placed in storage for later disposition. 
Task 2-Decontamination and Treatment of Coupons
For the initial testing, the coupons were allocated in the following manner:
 5 coupons were treated at the bench-scale level each week of this study.

Coupon numbers 11-25 and 78-82 were spiked on the same day as treatment.
Coupon numbers 26-45 were spiked and placed in storage at room temperature for 35-56 days.
The following steps were used to decontaminate and treat the coupons:
a.
A sand bath was heated to 60 o C. The bath was placed on top of a hot plate equipped with a stirring plate, and a thermometer was inserted in the sand (Figure 6 ).
b.
The MEA and water were preheated on a hot plate with a stir bar.
c.
For same-day samples, 2 mL of HD was added to each coupon and put aside for 30 min. (Holding-time samples only need to be removed from storage.) The coupons were photographed before the MEA was added (Figure 4 ).
d.
20 mL of MEA at ~60 o C and a small stir bar (12.7 mm length × 3.2 mm diameter) were added to each sample container ( Figure 5 ).
e.
The sample containers were placed in the sand bath and insulated with aluminum foil to retain heat ( Figure 6 ).
f.
The stir plate was turned on and set to 2200 rpm. (This stirring was done to simulate the cavitation caused by the rotation of the EDS vessel. Initial testing showed that without stirring, the reaction of the MEA and HD did not meet the 50 ppm target.)
g.
A thermometer was inserted in the sand and the temperature was recorded every 5 min. The hot plate was adjusted, as necessary, to keep the temperature at ~60 o C.
h.
After 1 h, MEA was decanted into another 40 mL VOA vial.
i.
The MEA neutralent was extracted and analyzed for HD IAW EML IOP MT-60. 1 j. 20 mL of water was added at ~95 o C to each sample container.
k.
The sample containers were replaced in the sand bath at 60 o C. The temperature was recorded every 5 min.
l.
After 1 h, water was decanted into a 40 mL VOA vial.
m.
The water sample extracted and analyzed for HD IAW procedures found in EML IOP MT-60. 1 n.
The coupon was vapor washed in a sample bottle with nitrogen for 15 min and placed in a 10 × 10 in. plastic bag for 1 h.
o.
A 10 L sample was collected using a thermal desorption tube and analyzed for HD IAW EML IOP MT-13 ( Figure 7 ). 
p.
The coupon was placed in a clean 40 mL VOA vial, and 1.9 mL of hexane, and 100 µL of internal standard were added. The hexane rinse was transferred to a 2 mL amber vial and analyzed for HD IAW EML IOP MT-60. A 10 L air sample was collected to mimic the Tedlar bag air sampling of the EDS, which is used to verify that it is safe to open the EDS door. Samples were collected at a flow rate of 500 mL/min for 20 min.
RESULTS
The results of the decontamination and compatibility tests can be found in Tables 1-3 . The data for coupon numbers 1-10 (HD treatment goals were not met) were used to fine-tune the decontamination procedure conditions. It was determined that a sand bath that fully encapsulated the 40 mL VOA vial and the addition of a stir bar (used to simulate the cavitation caused by a rotating EDS vessel) were necessary to more accurately simulate the EDS destruction operation. The results from those failed trials are not included in the data tables. Qualifiers: "J", Analyte detected in sample greater than the method detection limit (MDL), but less than the laboratory limit of quantitation (LOQ). "E", Analyte detection exceeds highest calibration point resulting in an estimated value. "D", Sample required a dilution to accurately quantitate the result within the calibration curve. * HD blanks were vials with no HDPE coupons that contained 2 mL of HD to which 20 mL of MEA was added for reaction product analysis only. The process was stopped before step j in Section 3.2. **The metal blanks consisted of a small piece of metal that was added to a 40 mL VOA vial and taken through the entire decontamination procedure. ***For coupons 11-20, the water temperature was ~65 o C when added. In all subsequent trials, the water temperature was ~ 95 o C. NA, not applicable. 
Task 2-Decontamination
Same-Day Treatment
Data analyses for same-day decontamination yielded the following results:
1. The HDPE did not interfere with the neutralization of agent in the EDS bulk reaction liquid, and the HD concentration of <50 ppm (50,000 µg/L) treatment goal was achieved for the neutralent.
2. There was little to no change in the before and after coupon weights.
Comparison with the metal blanks showed that residual HD adhered to the HDPE coupons throughout the decontamination procedure and could still be detected at low levels after MEA decontamination and water rinsing. In almost all cases, HD was detected on the DAAMS tubes sampling the Tedlar bag vapor. This suggests that clearing the inside of the vessel to open the door may be an issue in EDS operations. 
ACRONYMS AND ABBREVIATIONS
